Five strains of a long, fdamentous, gliding microorganism which produces myxospores by transformation of filaments to spherical bodies without the production of a fruiting body were isolated from widely separated sources. These organisms are strongly chitinolytic but are not cellulolytic. We propose a new genus, Chitinophaga, containing a single species, Chitinophaga pinensis sp. nov., for these strains. The type strain is UQM 2034.
In the course of an examination of the microorganisms in an infusion of litter from the base of a pine tree in Alderley, Brisbane, Australia, we isolated long, filamentous, gliding microorganisms which, in an aging culture, transformed into a mass of coccoid bodies that were somewhat similar to the myxospores of Sporocytophaga myxococcoides.
After this first isolation, we isolated only four additional strains from widely separated areas over a period of 19 months. A detailed examination of these strains has shown that they are very similar to each other but differ markedly from the published descriptions of both S. myxococcoides and Lyso bacter species.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used in this study are listed in Table 1 .
Method of isolation. Samples were collected from the littoral zones of lakes and creeks in sterile collection jars. Pine litter was collected and steeped in sterile distilled water at room temperature (ca. 22°C) for 7 days.
The medium used for all isolations was made from University Lake water, which was filtered through a 0.45-pm Sartorius membrane filter to remove all optically visible particles and solidified with 1.5% agar (Difco Laboratories, Detroit, Mich.). This medium was sterilized at 121°C for 15 min and dispensed in 10-ml amounts in 9-cm plastic petri dishes. The pH was not adjusted.
The isolation medium was inoculated by allowing 1 drop (ca. 0,05 ml) of undiluted sample to flow in a narrow band across the surface of each agar plate a little off center. The plates were then freed of surface moisture by exposure to 22°C for 10 min in a sterile atmosphere. Such drying minimized the tendency of flagellated organisms to spread across the surface.
Plates were incubated at 22°C and examined periodically for up to 24 h by using the 1 0~ objective of a phase-contrast microscope to observe microcolony development.
Single filaments of the gliding microorganism were selected with a microloop (15) .
Isolated cells were transferred to lake water agar supplemented with 0.01% peptone (Difco) and 0.01% yeast extract (Difco) (designated LWPYEA; pH 629, which supported more luxuriant growth than unsupplemented lake water agar. Subsequently, cultures were stored on Casitone yeast extract agar (CYEA) containing 0.5% Casitone (Difco), 0.3% yeast extract (Difco), 0.1% magnesium sulfate, and 1.5% agar (Difco) .
Cultures on CYEA were incubated for 48 h at 22°C and then were suspended in Mist Desiccans (7) for freeze-drying by using the methods and equipment described by Skerman (16) . The ampoules were filled with oxygen-free nitrogen and were stored at 4°C.
For liquid nitrogen storage, cells were harvested from CYEA and suspended to a density of ca. lo9 cells per ml in fdtered lake water containing 10% glycerol. This suspension was distributed in 0.5-ml quantities into 0.7-ml ampoules (Snapoules; type NS-33; Wheaton Goldband). These ampoules were sealed and precooled to -20°C for 2 h before storage in a Union Carbide LD-30 liquid nitrogen container.
Cell morphology, motility, generation time, and colonial development. Cell morphology, motility, generation time, and colonial development were studied by using cultures grown on surface-dried LWPYEA solidified with Noble agar (Difco). A small block of agar ( Fig. 1) containing cells was inverted on the surface of the medium and rubbed carefully across it to avoid damage to the mirror-like surface of the medium and to dilute the sample in the process. Noble agar (Difco) was used because it is optically clear. Each culture was incubated at 22°C until active reproduction was observed, usually 16 h. Using a microprobe (15), we drew a line (Fig. l) across the surface of the agar that was parallel to the band of growth and was separated from it by a distance equal to two field diameters of the 1 0~ phase-contrast objective. Using a sterile microloop and a Leitz 32 X PHACO phase-contrast objective, we selected single cells from several microcolonies in the early logarithmic phase of growth and relocated them along the line at intervals of ca. 500 pm (Fig. 1) . Then the plate was incubated for 24 h, the microcolonies were examined, and, if necessary, the cells were separated by a microprobe before they were counted and measured. This technique allowed several replicates to be made on one plate for the determination of generation time.
To study colony development, single cells were im- planted in the centers of squares (Fig. 1 ) marked on the agar surface with a microprobe several millimeters away from the initial line of inoculation. The plate was incubated and examined daily for colony development.
Motility was observed directly with the Leitz 32 x PHACO objective on the surface of the surface-dried agar in the "slime trails" left by the gliding organisms. Flexing of cells was observed in the liquid freed by an incision made ( Fig. 1) in the agar with a sterile scalpel toward the end of the band of the inoculum at the time of inoculation.
Myxospore germination. Myxospore germination was observed in colonies growing on LWPYEA. To study myxospore germination, we selected several myxospores with a microloop and positioned them ca. 30 pm from each other in a square marked on the agar surface with a microprobe. Observing the square with a Zeiss stereoscopic plate microscope, we positioned a clean sterile no. 1 cover glass centrally over the square.
The myxospores were then located with a lox phasecontrast objective before examination with a 1 0 0~ oil immersion phase-contrast objective.
To do this, a maximum of 10 ml of agar was used in each dish, which permitted focussing of the phasecontrast condenser.
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The germination of the myxospores and subsequent growth were recorded with an Olympus PM-6 camera attachment equipped with an EMM-6 exposure meter; Kodak Plus-X Pan film and a green filter were used.
Physiological and biochemical properties. To inoculate media for the physiological and biochemical tests, we used the growth from the margins of spreading colonies.
The basal medium for all physiological tests contained 5 g of Casitone (Difco), 3 g of yeast extract (Difco), I g of MgSOa. 7H20 (Univar), and 1,OOO ml of distilled water. This medium was solidified with 1.5% agar (Difco). The pH was not adjusted.
For the following tests, we used previously reported methods: hydrolysis of agar (8) , cellulose, chitin, starch, and alginate (14); catalase (14), oxidase (6), urease (14), and indole production; nitrate reduction; deposition of iron from ferric ammonium citrate agar; hemolysis of horse erythrocytes; liquefaction of gelatin; hydrolysis of casein (14); utilization of carbohydrates (14); benzidine test for porphyrins (14); adsorption of Congo red (12); sensitivity to sodium lauryl sulfate (3); deamination of phenylalanine and tryptophan (1); and deoxyribonucleic acid hydrolysis (5).
The ability to lyse bacterial cells was tested on LWPYEA. The plates were block-inoculated ( Fig. 1 for 24 h at room temperature (22°C). A small block of agar supporting actively proliferating cells was taken from the edge of a colony of each gliding organism and placed in the center of the growth of the host organism. The plates were incubated for 7 days at 22°C and were examined for lysis of the host cells.
The temperature range for growth was determined in Casitone yeast extract liquid medium in a temperature gradient incubator with the range set from 5 to 47°C. The optimum temperature was determined from the tube in which maximum turbidity occurred, and the minimum and maximum temperatures were determined from tubes in which any visible growth occurred.
For pH range determinations, melted and cooled, sterile, double-strength CYEA was added to equal volumes of warmed sterile 0.02 M citrate phosphate buffers (for pH values of 3, 4, and 5) and 0.02 M phosphate buffers (for pH values of 6,7, and 8) (4); for pH values of 9, 10, and 11, the pH of sterile CYEA (melted and cooled to 55°C) was adjusted by adding calculated amounts of sterile 1 N NaOH. Growth and maximum degree of growth were determined microscopically.
For salt tolerance determinations, sodium chloride was added to CYEA to give final concentrations of 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0%.
A cell suspension in Casitone yeast extract liquid medium incubated for 24 h in a model G24 environmental incubator-shaker (New Brunswick Scientific Co., Inc., New Brunswick, N.J.) at 22°C was used as the inoculum for the pH tolerance and salt tolerance tests. Each plate was inoculated with 1 drop (ca. 0.05 ml) of inoculum, which was allowed to run across the plate; the plate was then air dried. Plates were incubated for 7 days at 22°C and observed for inhibition of growth.
For antibiotic susceptibility tests, 1 drop of a cell suspension was spread over the surface of each CYEA plate, which was then air dried. Susceptibility disks (Mast Laboratories, Liverpool, England) were then applied to the inoculated surfaces. The following disks were used: tetracycline, 10 pg; streptomycin, 10 pg; neomycin, 10 pg; kanamycin, 30 pg; penicillin G, 4 U; erythromycin, 5 pg; and chloramphenicol, 25 pg. Plates were incubated for 4 days at 22°C and then observed for inhibition of growth.
The color of any pigment produced was recorded from growth on CYEA after 3 days of incubation at 22°C.
Guanine-plus-cytosine content of the deoxyribonucleic acid. Deoxyribonucleic acid was extracted by the method of Marmur (10). The guanine-pluscytosine content of the extracted deoxyribonucleic acid was determined by using the melting temperature method of Marmur and Doty (11) .
Electron microscopy. Cells were grown in Casitone yeast extract liquid medium. After incubation in the environmental incubator-shaker at 350 rpm and 22°C for 72 h, cells were harvested by centrifugation at 7,000 x g for 10 min. The method of Luft (9) was used for fixing, embedding, and staining the specimens. Sections were cut with a model OMU 2 microtome (Reichert, Vienna, Austria) and examined with a model EM 300 transmission electron microscope (N.
V. Philips Gloeilampenfabrieken, Eindhoven, The Netherlands).
RESULTS

Colony development.
The colony development of this microorganism on the surface of lake water agar was characteristic of most gliding bacteria; i.e., the size increased with age until the surface of the plate was covered. On CYEA (a much richer medium), two strains, UQM 2036 and UQM 2096, produced more elevated colonies, with little evidence of spreading.
Pigment production was not evident on lake water agar, as growth was sparse. Massed cells had a pale yellow color. On CYEA, where heavier growth occurred, a translucent yellowish pigment was produced in the colonies.
The advancing edge of each colony was composed of a monolayer of long, filamentous, gliding cells ( Fig. 2A) . Immediately behind the advancing edge, multilayer development commenced, and the sizes of the cells began to change, resulting ultimately in the production of masses of spherical myxospores on the agar. Slime trails were clearly visible on plates when the growth was not covered with a cover glass, but were not visible in preparations which were covered.
Formation of myxospores. It was very difficult to follow the formation of myxospores. In situ it was not possible to resolve the process optically because of the density of the cells. Micromanipulation of cells of different sizes to a fresh agar surface resulted in regrowth into long filaments. Evidence obtained by phase-contrast microscopy suggested that the final spherical myxospores resulted from the division of short, plump rods ( Fig. 2B and C) . This hypothesis was supported by thin sections of cells in the final stages of myxospore formation (Fig.   3B ). The structure of the mature myxospores (Fig. 3C) contrasted strikingly with the structure of the vegetative cells (Fig. 3A) and resembled the structures of myxospores of other genera.
Germination of myxospores. When isolated on an agar surface, single, spherical myxospores germinated without any clear evidence of shedding of a capsule, as described by Leadbetter (E. R. Leadbetter, Bacteriol. Proc., p. 42, 1963) for S. myxococcoides. The stages in germination differed with different myxospores from the same and different populations. In some instances, the spherical body elongated into a short, plump rod which underwent division at an early stage, producing two short, plump rods, each of which elongated to produce a long filament (Figs. 4 and 5) . In the preparation of the specimen from which growth was recorded in agar. The two rods in Fig. 5A originated from one myxospore, the germination of which followed the pattern shown in Fig. 4 . In other preparations, a single spore elongated to the full extent of the mature filament before division (Fig. 6) . The alteration in the position of the fdaments (Fig. 6) showed that active movement could occur during the elongation phase.
We attempted to germinate the myxospores of S. myxococcoides strain NCIB 9920. Numerous single myxospores were separated from cultures grown on both cellulose and glucose agars, but none germinated. This contrasted markedly with the results described by Leadbetter (Bacteriol. Proc., p. 42, 1963). Populations of spores subjected to increasing degrees of sonication to the point of almost total disintegration showed no alteration in the germination capacity of the surviving spores. The reason for failure to obtain germination is not clear.
Physiological and biochemical data are shown in Tables 2 and 3.
DISCUSSION
The organism described here differs from 8. myxococcoides in the following ways: the individual mature cells are approximately four times as long; they produce myxospores which do not show the high refractivity of S. myxococcoides; they hydrolyze chitin but not cellulose; and the guanine-plus-cytosine content of the deoxyribonucleic acid differs by approximately 9% from the value reported for S. myxococcoides. This organism differs from species of Lysobacter in its abundant production of myxospores and by approximately 20% in the guanine-plus-cytosine content of its deoxyribonucleic acid (2).
Consequently, we propose a new genus, Chitinophagu (Chi. ti. no'pha.ga. M. L. noun chitinum chitin; Gr. v. phagein to devour; M. L. fem. n. Chitinophaga chitin destroyer), the diagnosis of which follows. Flexible rods with rounded ends; cells measure 0.5 to 0.8 by 40 pm in the mature gliding stage and occur singly. A resting stage (a myxospore) 0.8 to 0.9 pm in diameter is formed but is not highly refractile. Motile by gliding and flexing. Gram negative.
Chemoorganothrophic; metabolism is oxidative and fermentative. Acid is produced slowly from glucose, lactose, and sucrose. Chitin is hydrolyzed. Cellulose, starch, alginate, and agar are not hydrolyzed. Deoxyribonucleic acid is not hydrolyzed. Phenylalanine and tryptophan deaminase are not produced. Nitrate is not reduced to nitrite. Urease is produced. 
FIG. 4. Early stages in one form of germination of C. pinensis UQM 2036 myxospores. Times after micromanipulation of the myxospores: zero time (A), 3 h (B), and 5 h (C).
racycline, streptomycin, and chloramphenicol. Not susceptible to neomycin, kanamycin, penicillin G, or erythromycin. Resistant to 0.01 but not 0.1% sodium lauryl sulfate.
Lyses As there is only one species, the species description is the same as that given above for the genus. 
